Although water is an essential element for the survival of all humankind, there are, however, still areas where water is not sufficiently supplied. It is a reality today that supplying energy for producing clean water is also difficult in such areas. This study develops a fresh water generator using solar heat, which is a clean energy source, and a small-scale desalination system which can be configured in parallel so that it can cope with various changes in the water supply situation. In addition, this study has developed a simulation program capable of estimating the optimum installation angle of a solar collector in such a way as to be suitable for the period of water demand, as well as the environment of the installation area, by allowing for the fact that it is difficult to change the installation angle or conditions after the installation of a fixed solar collector. In order to carry out these issues, this study has set up the experimental apparatus of a small-scale desalination system and obtained data on the amounts of fresh water generation depending on solar heat storage temperatures through empirical experiments. By applying the data in the simulation program, this study proposed the optimum installation angle for the necessary conditions.
Introduction
Water is one of the most widely used resources on the Earth. However, sufficient water supply is still not fully achieved in some areas of the world. Some countries in the Middle East use multi-stage flash distillation that utilizes oil, natural resources, or reverse osmosis, which utilizes electrical energy in order to desalinate seawater [1] . However, the desalination methods require massive amounts of fossil fuels or electrical energy. These accelerate greenhouse gas emissions and climate change, which in return may further aggravate the water shortage phenomena [2] . Solar thermal energy is the most stable heat source among the new and renewable energy sources. If seawater is evaporated by efficiently utilizing the enormous amount of solar thermal energy falling on the Earth and the seawater on the sea floor whose temperature is lower than the dew-point temperature of water vapor is used as condensate cooling water, it will be possible to embody a desalination system capable of producing clean water without using fossil fuels. Therefore, the research promptly commenced on these proposals.
Dai and Zhang [3] performed research on the relationship between the flow rate of incoming seawater and the amount of fresh water generation in the solar thermal seawater desalination system which sprays seawater heated by the solar thermal collector in the form of mist, thereby allowing air to pass through it and increasing the absolute humidity of the air and, thus, generates fresh water when the air comes in contact with the flow path where cold seawater flows. Parekh et al. [1] conducted research on the technique of generating fresh water by heating seawater by means of solar heat. Qiblawey and Banat [4] carried out research on the theoretical principle and economic efficiency evaluation of the multi-stage flash seawater desalination system which heats seawater in several stages by means of solar heat. Bahnemann [5] performed research on the technique of purifying polluted water by using solar heat directly as a photocatalyst. Li et al. [6] carried out research on the cost and performance of various solar desalination systems.
Solar heat collection used in solar desalination system is most influenced by the type of solar collector. Martinopoulos et al. [7] performed research on the performance characteristics of solar collectors according to the flow rate of a flat type solar collector. Horta et al. [8] carried out research on the performance characteristics of solar collectors focused on desalination cost.
Collectable solar thermal energy resources may differ according to the area where a desalination system will be installed because there are latitudinal and environmental diversities among different areas. Therefore, in order to estimate the amount of fresh water generated using solar heat, it is necessary to gauge the amounts of solar thermal energy by the installation location for the system and the amount of energy collection according to the installation angle of the solar thermal collector used to collect solar heat.
Yoon et al. [9] developed an algorithm to calculate the cloud cover for estimating the solar thermal energy which passes through the atmosphere and reaches the ground surface. Khorasanizadeh et al. [10] proposed a diffuse solar radiation estimation model for Tabass, Iran and calculated the solar radiation on inclined surfaces based on each installation angle of a solar thermal collector. Corredor [11] calculated the solar radiation on inclined surfaces based on each installation angle of a solar thermal collector in seven areas of Colombia and then compared each calculation result with the physically-measured value corresponding to it. Al-Rawahi et al. [12] proposed a formula for calculating hourly solar radiation on inclined surfaces. Whereas, in the existing studies, it is possible to estimate diffuse and direct solar radiation separately only when the solar constant and the rate of solar radiation energy passing through the atmosphere is fully recognized, Zhang et al. [13] presented a solar radiation estimation formula containing the weather observation variables for the dry-bulb temperature, the relative humidity, the sunshine duration, and the cloud cover. Kim et al. [14] derived a correlation equation for the total solar radiation passing through the atmosphere and reaching horizontal surfaces by means of the weather observation variables exclusively for the dry-bulb temperature, the relative humidity, and the sunshine duration in order to make up for the inaccuracy of the cloud cover information based on the insufficient observation points. Cho et al. [15] measured solar radiation on inclined surfaces according to each tilt angle of a solar thermal collector in Daejeon, Korea, then subsequently compared each measurement result with the calculation result of the proposed solar radiation estimation formula for each corresponding case.
Yuan et al. [16] constructed a solar desalination system based on the humidification-dehumidification process and experimented with water generation. Al-Kharabsheh and Yogi [17] fabricated a water desalination system using low-grade solar heat and compared the study results with the theoretically-predicted values. Orfi et al. [18] carried out the experiments and theoretical study of a humidification-dehumidification sea water desalination system using solar energy. The above-mentioned previous studies provide this study with the idea of having the solar desalination system installed and comparing the experimental results with the theoretical ones. However, the previous studies have disadvantages in that the condenser and the evaporator are separated. Consequently, they cannot be modularized, and there is no consideration of the angle of the solar collector and the amount of the solar energy collection.
The purpose of this study is to make it easy to modify the capacity of the desalination system to meet demand. Therefore, this study devised a fresh water generator having a special structure that evaporates and condenses simultaneously.
By devising a pipe-structured seawater desalination system capable of the parallel unit configuration, this study seeks to develop a performance prediction simulation program based on the optimum installation location of the system and the installation conditions for a solar thermal collection system. Due to these findings, this study set up an experimental apparatus, measured the amounts of fresh water generation according to the temperatures of solar-heated water, then derived the correlation equations relating thereto.
After creating a solar thermal collection simulation program based on the installation latitude of the desalination system and the installation angle of the solar thermal collector, this study calculates the heating temperatures of seawater then subsequently performs numerical analysis of the amounts of fresh water generation accordingly. Furthermore, to practically cope with the water demand, which changes each month, this study proposes the installation angle of a solar thermal collector at which the seasonal amounts of fresh water generation are greatest.
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flow control meters for controlling the flow rate, a 4 control panel for pump efficiency and automatic control, a 5 data logger for collecting various measurement data, a carbon filter for water improvement, and the schematic diagram is shown in Figure 1 . As shown in Figure 1 , the freshwater generating pipe is composed of three concentric pipes. In the center, the heated sea water (W H ) flows and generates vapors in the second pipe. At this time, the cold sea water flows between the second and third pipes and cools down the surface temperature of the second pipe. Thus, the condensed freshwater (W f ) is collected in the second pipe and collected into the measuring device. Next, the cooling water (W C ) is stored in the storage tank and heated by the solar collector during the daytime. Heated sea water flows into the freshwater generator to generate water vapor in the evening. Figure 2 shows the installed pictures of the experimental equipment. By devising a pipe-structured seawater desalination system capable of the parallel unit configuration, this study seeks to develop a performance prediction simulation program based on the optimum installation location of the system and the installation conditions for a solar thermal collection system. Due to these findings, this study set up an experimental apparatus, measured the amounts of fresh water generation according to the temperatures of solar-heated water, then derived the correlation equations relating thereto.
System Configuration
Experimental Apparatus
The experimental apparatus used in this study consists of the following: a ① solar collector, a desalination system, a ② pump for driving the heat transfer medium, a ② solar storage tank, ○ FM flow control meters for controlling the flow rate, a ④ control panel for pump efficiency and automatic control, a ⑤ data logger for collecting various measurement data, a carbon filter for water improvement, and the schematic diagram is shown in Figure 1 . As shown in Figure 1 , the freshwater generating pipe is composed of three concentric pipes. In the center, the heated sea water (WH) flows and generates vapors in the second pipe. At this time, the cold sea water flows between the second and third pipes and cools down the surface temperature of the second pipe. Thus, the condensed freshwater (Wf) is collected in the second pipe and collected into the measuring device. Next, the cooling water (WC) is stored in the storage tank and heated by the solar collector during the daytime. Heated sea water flows into the freshwater generator to generate water vapor in the evening. Figure 2 shows the installed pictures of the experimental equipment. Existing desalination plants have presented a difficulty in making them modular or small-scale. To tackle this challenge, the structure of this seawater desalination system has been devised on the belief that if fresh water generation units made each in the form of a pipe are connected in parallel, it is possible to control the capacity of the system in such a way as to meet with the water demand. Table 1 shows detailed specifications of the experimental apparatus. The experimental apparatus is divided up into the heat storage part and the fresh water generation part. The inflow of cooling water is suspended for a period between 7:00 a.m. until 7:00 p.m. ( = 0). The pump only operates when the temperature of the solar thermal collector is higher than the temperature of the heat storage tank (To2 < To), and the water is heated by the solar thermal collector and then stored again in the solar thermal collector. Specifications of experimental equipment and instruments are shown in Tables 1 and 2 .
For coding simulation program in this study, the energy equations for the state quantity at each part of the experimental apparatus are as follows:
In this case, 100 mm was applied as the insulation thickness of tank, g1, of the lagging for the solar heat storage tank, and the convective heat transfer coefficients, h1 and h2, are calculated with the equations given below [19] . In addition, it was discovered that any friction loss in the piping does not greatly affect the calculation results even if it is assumed that the temperature in the piping Existing desalination plants have presented a difficulty in making them modular or small-scale. To tackle this challenge, the structure of this seawater desalination system has been devised on the belief that if fresh water generation units made each in the form of a pipe are connected in parallel, it is possible to control the capacity of the system in such a way as to meet with the water demand. Table 1 shows detailed specifications of the experimental apparatus. The experimental apparatus is divided up into the heat storage part and the fresh water generation part. The inflow of cooling water is suspended for a period between 7:00 a.m. until 7:00 p.m. (m 2 = 0). The pump only operates when the temperature of the solar thermal collector is higher than the temperature of the heat storage tank (T o2 < T o ), and the water is heated by the solar thermal collector and then stored again in the solar thermal collector. Specifications of experimental equipment and instruments are shown in Tables 1 and 2 .
In this case, 100 mm was applied as the insulation thickness of tank, g 1 , of the lagging for the solar heat storage tank, and the convective heat transfer coefficients, h 1 and h 2 , are calculated with the equations given below [19] . In addition, it was discovered that any friction loss in the piping does not greatly affect the calculation results even if it is assumed that the temperature in the piping is decreased linearly by heat loss. Thus, the temperature value at the outlet was used to reflect the greatest heat loss. The performance of systematic solar desalination system like the one used in this study is highly influenced by solar collector types. In order to heat sea water to a high temperature, it is advantageous to use a vacuum tube solar collector, but this study was carried out near the sea, so it was necessary to pay attention to cost and durability. Therefore, the experimental system on this study was performed with flat-type solar collectors.
The solar heat storage part stops operating for a period between 7:00 p.m. until 7:00 a.m. on the following day, whereas only the fresh water generation part operates for the same period. During this period, the cooling water whose flow rate is m 2 = 0.8 LPM flows directly into the fresh water generator and functions as such, after which it flows into the heat storage tank. The same amount of seawater is then heated to a high temperature in the top part of the heat storage tank as the amount of the cooling water that has flowed into the fresh water generator and then flash-evaporates, thereby generating water vapor, after which it is discharged in the sea. By operating the solar thermal desalination system for 26 days from 11 April 2016 through 6 May 2016, this study measured the hourly amounts of fresh water generation according to the temperature conditions of hot water flowing from the heat storage tank into the fresh water generator. Experiments were conducted using real seawater supplied by the National Institute of Fisheries Science. The supply water was the seawater of a constant temperature (15 • C) pretreated in the experimental laboratory. The experiments were performed under the respective four conditions of the temperature from the seawater in the heat storage tank being 70 • C, 60 • C, 50 • C, and 40 • C. In order to obtain more accurate temperature values, a limiter was installed in each real experiment to stop the operation of the pump whenever the temperature of the heat storage tank becomes the temperature required for the experiment.
Experimental Results
The hourly temperature changes of the heat storage tank and accumulated sunshine hours are shown in Figure 3 . The heat storage control starts to operate at 7:00 a.m., and it can be seen that the temperature of the heat storage tank begins to rise from the time when the temperature of the solar thermal collector becomes higher than the temperature of the heat storage tank. The highest temperature that was stored in the heat storage tank under the relevant installation angle conditions in April was approximately 74 • C, and the heat was no longer stored after 4:00 p.m. One can notice that the temperature shows a trend falls slightly due to the loss of heat outside at this time. Although the temperature range after the heat storage was between 45-75 • C according to the day's weather conditions, it was confirmed that the temperature range was located between 16-17 • C after the water heated by the fresh water generator was used for a period from 7:00 p.m. until 7:00 a.m. on the following day. This is considered to be due to the fact that the temperature of the tap water being supplied was almost constantly 15 • C and that almost all the hot water was used until the following day while staying in thermal equilibrium with the seawater being supplied. The sunshine hours of the temperature sampling date were used as weather data and averaged over time. Although the hourly insolation weather data shows a decrease after 6:00 p.m., the temperature of the solar thermal storage tank starts to decrease after 5:00 p.m. This is due to the difference between the positions of the meteorological measurement site and the location of the experimental equipment in this study. However, the overall pattern shows a similar tendency to the temperature according to passing time. measured the hourly amounts of fresh water generation according to the temperature conditions of hot water flowing from the heat storage tank into the fresh water generator. Experiments were conducted using real seawater supplied by the National Institute of Fisheries Science. The supply water was the seawater of a constant temperature (15 °C) pretreated in the experimental laboratory. The experiments were performed under the respective four conditions of the temperature from the seawater in the heat storage tank being 70 °C, 60 °C, 50 °C, and 40 °C. In order to obtain more accurate temperature values, a limiter was installed in each real experiment to stop the operation of the pump whenever the temperature of the heat storage tank becomes the temperature required for the experiment.
The hourly temperature changes of the heat storage tank and accumulated sunshine hours are shown in Figure 3 . The heat storage control starts to operate at 7:00 a.m., and it can be seen that the temperature of the heat storage tank begins to rise from the time when the temperature of the solar thermal collector becomes higher than the temperature of the heat storage tank. The highest temperature that was stored in the heat storage tank under the relevant installation angle conditions in April was approximately 74 °C, and the heat was no longer stored after 4:00 p.m. One can notice that the temperature shows a trend falls slightly due to the loss of heat outside at this time. Although the temperature range after the heat storage was between 45-75 °C according to the day's weather conditions, it was confirmed that the temperature range was located between 16-17 °C after the water heated by the fresh water generator was used for a period from 7:00 p.m. until 7:00 a.m. on the following day. This is considered to be due to the fact that the temperature of the tap water being supplied was almost constantly 15 °C and that almost all the hot water was used until the following day while staying in thermal equilibrium with the seawater being supplied. The sunshine hours of the temperature sampling date were used as weather data and averaged over time. Although the hourly insolation weather data shows a decrease after 6:00 p.m., the temperature of the solar thermal storage tank starts to decrease after 5:00 p.m. This is due to the difference between the positions of the meteorological measurement site and the location of the experimental equipment in this study. However, the overall pattern shows a similar tendency to the temperature according to passing time. Figure 4 shows a comparison between the hourly temperature changes in the heat storage tank according to the seawater temperature conditions and the amount of fresh water generation. There is, however, no fresh water generated for one hour after the system starts working, which is thought to be due to the fact that it takes some time for fresh water to start falling and be collected after the formation of water drops at the dew-point temperature during the evaporation of seawater. After the system started to operate, the amount of fresh water generation began to increase, and it was discovered that the amount of fresh water generation per hour was the highest during the fourth or fifth hour interval.
Energies 2017, 10, 1274 7 of 16 Figure 4 shows a comparison between the hourly temperature changes in the heat storage tank according to the seawater temperature conditions and the amount of fresh water generation. There is, however, no fresh water generated for one hour after the system starts working, which is thought to be due to the fact that it takes some time for fresh water to start falling and be collected after the formation of water drops at the dew-point temperature during the evaporation of seawater. After the system started to operate, the amount of fresh water generation began to increase, and it was discovered that the amount of fresh water generation per hour was the highest during the fourth or fifth hour interval. However, the amount of fresh water generation starts to decrease after the passage of 4-5 h as a result of the temperature from the heat storage tank dropping steadily due to the inflow of cold water serving as cooling water. In the total amount of fresh water generated for 12 h, there was a performance difference of approximately 10% per 10 °C between 50 °C and 70 °C. When the temperature of the heat storage tank was at 40 °C, the greatest amount of fresh water generation was discovered during the sixth hour interval, and it was also confirmed that the total amount of fresh water generation fell below 50% at 50 °C. This is considered to be due to the fact that the amount of water evaporating decreases conspicuously under the temperature condition of 40 °C, thus causing some time to be required for fresh water to start falling from the surface of the cooling pipe. Figure 5 is a graph displaying the amount of fresh water generated during each relevant hourly interval according to the temperature of the heat storage tank changing on an hourly basis in each process.
As described above, it takes approximately five hours for effective fresh water to be generated in a normal state after the equipment starts operating. Thus, the temperature of the heat storage tank and the amount of fresh water generation during the relevant hour interval after the passage of five hours since the startup of the system operation show a linear relationship between them on the whole. This relationship can be predicted by a means of the following empirical formula:
where, y: freshwater generation (g/h) x: temperature of storage tank (K) However, the amount of fresh water generation starts to decrease after the passage of 4-5 h as a result of the temperature from the heat storage tank dropping steadily due to the inflow of cold water serving as cooling water. In the total amount of fresh water generated for 12 h, there was a performance difference of approximately 10% per 10 • C between 50 • C and 70 • C. When the temperature of the heat storage tank was at 40 • C, the greatest amount of fresh water generation was discovered during the sixth hour interval, and it was also confirmed that the total amount of fresh water generation fell below 50% at 50 • C. This is considered to be due to the fact that the amount of water evaporating decreases conspicuously under the temperature condition of 40 • C, thus causing some time to be required for fresh water to start falling from the surface of the cooling pipe. Figure 5 is a graph displaying the amount of fresh water generated during each relevant hourly interval according to the temperature of the heat storage tank changing on an hourly basis in each process.
where, 
Simulation
Solar Radiation Data
This study used the respective mean values of the hourly dry-bulb temperatures, relative humidity, wind speeds, and the durations of sunshine between 2010 and 2016 in each of the seven areas across the country (Gwangju, Daegu, Daejeon, Busan, Seoul, Ulsan, and Jeju), which were provided by the Korea Meteorological Administration. In the case of each area where the measured values of the total solar radiation on horizontal surfaces were omitted, the comparison of the simulation results and the measured values were excluded. The latitude values of the weather observation points in the relevant area were used to represent their latitudes in Table 3 . 
Estimation of the Total Solar Radiation on Horizontal Surfaces
Formula for Estimating the Total Solar Radiation on Horizontal Surfaces
The sunlight reaching the surface of the Earth consists of direct and diffuse components. However, in the case of a light collection system which obtains high-temperature energy by collecting sunlight over a wide area into one place, most accept the total solar radiation without dividing it into its direct and diffuse components. Therefore, just to confirm the solar heat gain on the tilted angle this study used the total solar radiation without dividing it into its direct and diffuse components. Total solar radiation on horizontal surfaces is required initially for estimating the optimum installation angle of a solar thermal collector. Since there are only 15 areas across the country for measuring the total solar radiation on horizontal surfaces, widening the simulated estimation range requires a technique for estimating the total solar radiation on horizontal surfaces based on the weather observation data on temperatures, humidity, wind speeds, sunshine durations, and cloud cover. Pointing out the insufficiency of Korea's domestic cloud cover data, Kim et 
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Solar Radiation Data
Estimation of the Total Solar Radiation on Horizontal Surfaces
Formula for Estimating the Total Solar Radiation on Horizontal Surfaces
The sunlight reaching the surface of the Earth consists of direct and diffuse components. However, in the case of a light collection system which obtains high-temperature energy by collecting sunlight over a wide area into one place, most accept the total solar radiation without dividing it into its direct and diffuse components. Therefore, just to confirm the solar heat gain on the tilted angle this study used the total solar radiation without dividing it into its direct and diffuse components. Total solar radiation on horizontal surfaces is required initially for estimating the optimum installation angle of a solar thermal collector. Since there are only 15 areas across the country for measuring the total solar radiation on horizontal surfaces, widening the simulated estimation range requires a technique for estimating the total solar radiation on horizontal surfaces based on the weather observation data on temperatures, humidity, wind speeds, sunshine durations, and cloud cover. Pointing out the insufficiency of Korea's domestic cloud cover data, Kim et al. and Park et al. presented respective equations for estimating the total solar radiation on horizontal surfaces based on the temperatures, humidity, wind speeds, and sunshine durations in the relevant areas [14, 20] : Table 4 shows a comparison between the measured values of total solar radiation on horizontal surfaces in Busan. Table 4 also reveals the amounts of total horizontal solar radiation expected based on the weather data from 2016 in order to ascertain the reliability of the calculation results of the total solar radiation on horizontal surfaces. The annual average ratio of the simulation results to the measured values of the total solar radiation on horizontal surfaces in each area is as shown in the following Table 5 . The simulation results of the total solar radiation on horizontal surfaces in low-latitude areas such as Busan and Ulsan are close to the measured values overall. It can also be seen that errors are greater between the simulation results and the measured values in more northern areas, such as Seoul and Daejeon. Although it is highly necessary to consider the reduction of solar radiation or the occurrence of measurement errors due to air pollution when it comes to the measured values obtained mainly in metropolitan cities and provinces in particular, it is true that data is still insufficient today. 
Solar Radiation on Inclined Surfaces
The sun light strikes the inclined surfaces of the solar thermal collector as shown in Figure 6 . The collected radiation energy is calculated with the equation below:
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Solar Radiation on Inclined Surfaces and the Amount of Collected Heat
The solar radiation on inclined surfaces, the efficiency of heat collection, and the amount of collected solar heat were calculated based on a solar hot water system as mentioned in Table 6 . Jo et al. [21] and Basunia et al. [22] have divided the total solar radiation on horizontal surfaces into its direct and diffuse components and then compared the solar thermal energy striking inclined surfaces with the measured values. In this particular study, the total solar radiation was calculated without dividing it into its direct and diffuse components by taking the flat-plate solar collector into account, and as no real significant difference is noticed between the calculation results of this study and the simulation and the actual measurement data from previous studies in Figure 7 , the reliability of using the total solar radiation data was confirmed. 
The solar radiation on inclined surfaces, the efficiency of heat collection, and the amount of collected solar heat were calculated based on a solar hot water system as mentioned in Table 6 . Jo et al. [21] and Basunia et al. [22] have divided the total solar radiation on horizontal surfaces into its direct and diffuse components and then compared the solar thermal energy striking inclined surfaces with the measured values. In this particular study, the total solar radiation was calculated without dividing it into its direct and diffuse components by taking the flat-plate solar collector into account, and as no real significant difference is noticed between the calculation results of this study and the simulation and the actual measurement data from previous studies in Figure 7 , the reliability of using the total solar radiation data was confirmed. The annual average efficiency of the solar hot water system in Daejeon was calculated to be 51%, and the monthly average amount of collected solar heat was discovered to be 7.73 MJ/m 2 . As there is no reliable actual measurement data on the solar hot water system, it is quite difficult to perform any quantitative comparison and secure its reliability. According to the resulting values of the test report of the solar collector model used in the simulation, if the solar radiation is 21 MJ, the amount of collected solar heat is 9.4 MJ (44.7% of the solar radiation). However, when the measured value of the solar radiation in May as shown in Table 7 is 19 MJ, the amount of collected solar heat is 9.71 MJ (51.1% of the solar radiation), thus showing an error of approximately 7% between them. The heat collecting efficiency of the solar collector is calculated with the equation given below [23] :
In this case, it is possible to estimate the heat collecting efficiency of the solar collector using a quadratic expression formed with its inlet and outlet temperatures and the solar radiation striking it [23] .
Having flowed out of the outlet after being heated in the solar collector, the heat transfer medium carries out a heat exchange with the bottom part (tap water) of the heat storage tank. Thus, by assuming that the heat exchange temperature is equal to the weighted average value between its temperature and the tap water temperature during the relevant hourly interval, the temperature of the heat transfer medium at the inlet for the next hour interval was estimated, and the coefficients used in the equation are as shown in Table 8 . It is possible to calculate the amount of fresh water generation per hour during the operation of the fresh water generation system using the empirical formula and the hourly temperature values of the heat storage tank calculated with the energy equilibrium equations. A comparison between the experimental conditions and the simulation results for the same period is as shown in Figure 8 . As described above, the simulation result value based on the temperature of the heat storage tank is greater than the actually measured values during the four hours for which sufficient energy is supplied to the system after the passage of four hours from the startup of the system operation. It can also be noticed that after the passage of four hours during which the system reaches its normal state, a simulation result similar to the actually measured value is obtained. It is possible to calculate the amount of fresh water generation per hour during the operation of the fresh water generation system using the empirical formula and the hourly temperature values of the heat storage tank calculated with the energy equilibrium equations. A comparison between the experimental conditions and the simulation results for the same period is as shown in Figure 8 . As described above, the simulation result value based on the temperature of the heat storage tank is greater than the actually measured values during the four hours for which sufficient energy is supplied to the system after the passage of four hours from the startup of the system operation. It can also be noticed that after the passage of four hours during which the system reaches its normal state, a simulation result similar to the actually measured value is obtained. The amount of fresh water generation on the left and right side of the four hour point, which shows a maximum value, is similar in pattern. Simulation results of fresh water generation at two and three hours are replaced with those at five and six hours. Therefore, the difference rate between the experimental and simulation data of fresh water during the day is as shown in Table 9 . The amount of fresh water generation on the left and right side of the four hour point, which shows a maximum value, is similar in pattern. Simulation results of fresh water generation at two and three hours are replaced with those at five and six hours. Therefore, the difference rate between the experimental and simulation data of fresh water during the day is as shown in Table 9 . Experimental results show the same tendency as the quadratic function curve with the maximum value of four hours, which is the peak value of fresh water generation. The freshwater discharge in the experiment is not consistent with the complete quadratic curve since the freshwater is generated and caught in the system and the time delay exists since fresh water was not collected in the experiment until the system was supplied with heat for a few hours. On the other hand, fresh water was generated in the simulation because the amount of fresh water generation was a function of temperature only. In order to compensate for this, we corrected the error by using the data for five and six hours instead of data for two and three hours. As a result, the difference of the fresh water generation during the day was about 6% at a maximum.
Comparison of the Amount of Fresh Water Generation According to the Installation Angle of the Solar Collector
The results from estimating the amounts of fresh water generation according to the installation angle of the solar thermal collector in Busan are as shown in Table 10 . It was discovered that the greatest annual amount of fresh water was generated at an angle of 30 • , and the distribution of the seasonal amounts of fresh water generation is as shown in Figure 9 . Due to the monthly changes in the solar altitude angle, the largest seasonal amount of fresh water generation was shown by an installation angle of 45 • in winter, 30 • in spring and fall, and 15 degrees in summer. This can be confirmed to show significant results for the installation angle suitable for each season that needs water.
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Experimental results show the same tendency as the quadratic function curve with the maximum value of four hours, which is the peak value of fresh water generation. The freshwater discharge in the experiment is not consistent with the complete quadratic curve since the freshwater is generated and caught in the system and the time delay exists since fresh water was not collected in the experiment until the system was supplied with heat for a few hours. On the other hand, fresh water was generated in the simulation because the amount of fresh water generation was a function of temperature only. In order to compensate for this, we corrected the error by using the data for five and six hours instead of data for two and three hours. As a result, the difference of the fresh water generation during the day was about 6% at a maximum.
The results from estimating the amounts of fresh water generation according to the installation angle of the solar thermal collector in Busan are as shown in Table 10 . It was discovered that the greatest annual amount of fresh water was generated at an angle of 30°, and the distribution of the seasonal amounts of fresh water generation is as shown in Figure 9 . Due to the monthly changes in the solar altitude angle, the largest seasonal amount of fresh water generation was shown by an installation angle of 45° in winter, 30° in spring and fall, and 15 degrees in summer. This can be confirmed to show significant results for the installation angle suitable for each season that needs water. 
